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Results: DER and SER increase as the distance of the GNPs 
reduces. The largest DER as well as SER was obtained for 0.25 
× 0.25 × 0.25 μm³ cube for 100 nm 0.18 × 0.18 × 0.18 μm³ for 
50 nm GNP. In case of 50 nm GNPs, DER increment was 1.421, 
1.396, 1.017, and 1.014 for 50 kVp, 100 kVp photons, 70 MeV 
and 170 MeV protons, respectively. SER increment was 1.319, 
1.303, 1.021, and 1.018, for 50 kVp, 100 kVp photons, 70 MeV 
and 170 MeV protons, respectively. For 100 nm GNPs, we 
observed the qualitatively same results but increment ratio 
was larger for all tested radiations. 
 
Conclusion: As shown in this study, DER with GNPs was larger 
when they are closely packed in the phantom. Therefore, 
better therapeutic effects can be expected with close-packed 
GNPs. 
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Purpose or Objective: To investigate the feasibility of using 
multifunctional Fe3O4/TaOx (core / shell) nano particles 
developed for CT and MRI contrast agent as dose enhancing 
radiosensitizers.  
 
Material and Methods: Firstly, to verify the imaging 
detectability of Fe3O4/TaOx nano particles, in-vivo tests 
were conducted. Approximately 600 mg/kg of19 nm diameter 
Fe3O4/TaOx nano particles dispersed in phosphate buffered 
saline (PBS) were injected to ten nude Balb/c mice through 
the tail vein. Mico-CT (Simens Inveon) was scanned for 5 mice 
and MRI (BioSpec, 70/20 USR, BRUKER Co.) scan was 
conducted for rest of mice. For both imaging, 4 consecutive 
scanning was performed at pre- and post-injection (5 min, 30 
min, and 1 hour). Difference between pre- and post-injection 
images was analyzed by computing the pixel histogram and 
correlation coefficient factor using MATLAB in the user 
defined ROI (region of interests) . Secondly, to quantify the 
potential therapeutic enhancement with nano materials, DER 
(Dose Enhancement Ratio) and number of SER (Secondary 
Electron Ratio) were computed using MC simulation (TOPAS 
v.b-12). Diameter of 19 nm circular beams of mono-energetic 
10 MeV, 70 MeV, 150 MeV protons were irradiated to a 
Gold(Au), Tantalum(Ta), TaOx, Fe3O4/TaOx (core / shell), 
and Fe3O4 nano particle located at the center of 4 × 4 × 4 
μm³ water filled cube phantom. DER and SER were computed 
by placing a 1 nm thickness of shell detector at the surface of 
the particle. 
 
Results: In CT, MRI imaging, the aorta, the blood vessel, and 
the liver were clearly visualized after intravenous injection 
of Fe3O4/TaOx nano particles. There was large different 
between pre and post-injection images of Histogram data and 
Coefficients of correlation factor in CT and MR are 0.006, 
0.060, respectively. When 10 MeV protons were irradiated for 
a Gold(Au), Tantalum(Ta), TaOx, Fe3O4/TaOx, Fe3O4 nano 
particle, DER was 9.089, 7.724, 4.424, 3.660 and 3.255 
respectively. Similarly, SER increment was 9.629, 8.401, 
5.060, 4.341, and 3.590 for Gold(Au), Tantalum(Ta), TaOx, 
Fe3O4/TaOx, Fe3O4 nano particle, respectively. For 70 MeV 
proton beams, DER was similar to those for 10 MeV, but 
increment ratio was lower for 150 MeV protons. 
 
 
 
Conclusion: Fe3O4/TaOx nano particles have potential as a 
multifunctional agent which enhances the accuracy in cancer 
detection through visualization of developed tumor lesion 
and increases the therapeutic effect in proton therapy. The 
dose enhancement with Fe3O4/TaOx was estimated as half of 
the Gold. However, tumor targeting such as combined with 
magnetic field may overcome the low DER 
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Purpose or Objective: The goal of radiotherapy is to deliver 
into tumor volume certain amount of radiation to kill all 
tumor cells and at the same time to minimize radiation 
damage of surrounding healthy tissues. To reach the goal 
modern conventional radiotherapy uses multifield irradiation 
with beam changing its shape and intensity. However this 
approach is not efficient enough in case when healthy and 
tumor tissues are highly diffused with each other. In this case 
partial healthy tissues damage is inevitable. Yet another 
approach is possible. Using some physiological mechanism 
tumor can be saturated with a high atomic number element 
capable to interact with external radiation more likely than 
the elements of biological tissues. That leads to dose 
increase at the site of the element location. For that purpose 
such elements as iodine, gold etc. and external x-rays 
radiation of energy up to 600 keV can be used. The main 
obstacle in implementing that method is how to deliver 
necessary amount of a high atomic number element into a 
